The energy requirements of infants and children are defined as the amount of food energy needed to balance total energy expenditure (TEE) at a desirable level of physical activity, and to support optimal growth and development. New TEE data from doubly labeled water and heart rate monitoring are available to derive the energy requirements. UNU recommendations are on average 18% lower for boys and 20% lower for girls Ͻ7 years of age, and 12% lower for boys and 5% lower for girls 7-11 years of age. From 12 to 18 years of age, the requirements are 12% higher for boys and girls. The 2002 IOM recommendations are 8% lower for children Ͻ7 years of age, 2% lower for children 7-11 years of age, and 8% higher for children 12-18 years of age. Although the basic principles underlying energy requirements have not changed, the recommendations for energy intake have been decreased in infancy and early childhood, and increased in adolescence based on newly available TEE data.
Introduction
The energy requirements of infants and children are defined as the amount of food energy needed to balance total energy expenditure (TEE) at a desirable level of physical activity, and to support optimal growth and development consistent with long-term health [1, 2] . Recommendations for dietary energy intake must meet energy requirements to avoid the double burden of under-and overnutrition. Unlike recommendations for other nutrients which meet or exceed the requirements of practically all individuals in the population, recommendations for dietary energy intake are based on the average requirement of the population group to avoid energy intakes that exceed requirements. Recommendations for energy intake and physical activity are intended to support and maintain the growth and development of wellnourished and healthy children and adolescents.
Components of Energy Requirements
Energy requirements during development can be partitioned into components of basal metabolism, thermogenesis, physical activity, and energy cost of growth. Basal metabolism is defined as that energy expended to maintain cellular and tissue processes fundamental to the organism. Energy is needed to maintain body temperature, support the minimal work of the heart and respiratory muscles, and supply energy to other tissues at rest. The basal metabolic rate (BMR) is measured under standard conditions defined as awake and supine in a fasting, relaxed state in a thermoneutral environment. The thermic effect of feeding (TEF) refers to the energy required for the ingestion and digestion of food and for the absorption, transport and utilization of nutrients. The TEF amounts to about 10% of the daily energy expenditure [3] . Thermoregulation can constitute an additional energy cost when exposed to temperatures below and above thermoneutrality; however, clothing and behavior usually counteract such environmental influences. Physical activity is the most variable component of energy requirements, and entails both obligatory and discretionary physical activities. The energy requirement for growth relative to maintenance is low, except for the first months of life. The energy cost of growth as a percentage of total energy requirements decreases from around 35% at 1 month to 3% at 12 months of age, and remains low until the pubertal growth spurt, at which time it increases to about 4% [1] .
Approaches for Derivation of Energy Requirements
Energy requirements can be derived using the factorial estimates of TEE or measurements of TEE by the doubly labeled water (DLW) method or heart rate monitoring. The factorial approach is based on the time allocated to activities that are performed habitually and the energy cost of those activities. Factorial calculations are heavily dependent upon the estimation of basal metabolism, and energy expended in obligatory and discretionary activities. DLW is a stable (nonradioactive) isotope method that provides an estimate of TEE in free-living individuals [4, 5] . The DLW method entails administration of two isotopic forms of water (H 2 18 O and 2 H 2 O) and is based on the principle Butte that the disappearance rate of 2 H reflects the water turnover rate and the disappearance rate of 18 O reflects both water and CO 2 turnover rates. The difference between the disappearance rates of 2 H and 18 O represents the rate of CO 2 production. The DLW method has been validated in preterm and term [6, 7] . In the heart rate method, TEE is predicted from heart rate based on the nearly linear relationship between heart rate and O 2 uptake during submaximal muscular work [8] .
Consequences of Deficit and Excess Energy Intake
Deficit energy intake and negative energy balance can be acute or chronic [9] . Acute energy deficiency results in short-term negative energy balance during which there is a progressive loss of body weight. Chronic energy deficiency reflects long-term inadequate food intake during which a steady state is achieved at a suboptimal nutritional status. Energy deficit in children leads to growth retardation, loss of fat and muscle, delayed motor, cognitive and behavioral development, diminished immunocompetence, and increased morbidity and mortality [10] . Adaptations in metabolic rate and physical activity in response to chronic energy deficiency in children are difficult to assess for technical problems and mitigating geographical and social circumstances. The functional and behavioral consequences of energy deficiency are responsive to food supplementation. Food policies and nutrition programs aimed at meeting the energy requirements of children are clearly warranted, but their implementation should promote healthy diets with adequate, not excess, calories. Supplementation programs, especially in stunted populations, can contribute to obesity. Program targeting to undernourished children, growth monitoring and qualitative improvement in food provisions may be instrumental in preventing energy excess [11] .
Excess energy intake and positive energy balance are promoted by readily available, energy-dense foods and sedentary lifestyles [11] . The consequences of excess energy and obesity are well described in children [12] . Obesityrelated co-morbidities include type-2 diabetes, hyperlipidemia, hypertension, hyperandrogenism in girls, sleep disorders, respiratory difficulties, nonalcoholic fatty liver disease, gallbladder disease, orthopedic problems, and idiopathic intracranial hypertension. Serious psychosocial problems including poor self-esteem and depression also are common. Childhood obesity and its comorbidities have a significant likelihood of persisting throughout adolescence and into adulthood.
Societies in transition are afflicted with the double burden of energy deficit and energy excess. As societies develop economically and adopt more Westernized food habits and sedentary lifestyles, there is a shift away from undernutrition towards overnutrition, as evidenced by the rise in the prevalence of childhood obesity worldwide in the past two decades [13, 14] .
Energy Requirements of Infants and Children

Energy Requirements of Infants
Previous recommendations for dietary energy intake of infants were based on the observed intakes of healthy infants growing normally, largely due to the lack of information on the energy expended in physical activity needed to estimate TEE. Since the 1985 FAO/WHO/UNU report [15] , new scientific data have allowed recommendations to be based on TEE plus the energy needs for growth [16] .
Total Energy Expenditure of Infants
Thirteen DLW studies were available on infants from the United Kingdom, United States, Netherlands, Chile and China [16] . TEE ranged from 255 to 393 kJ/kg/day (61-94 kcal/kg/day). Four studies demonstrated higher rates of TEE in formula-fed than breast-fed infants in the first year of life, in the order of 12, 7, 6 and 3% at 3, 6, 9 and 12 months of age [17] [18] [19] [20] . A prediction equation (equation 1) for TEE was developed based on longitudinal data on 76 healthy infants studied at 3-month intervals for the first 2 years of life [18] . Although TEE was a function of age, weight and height, only weight was used in the prediction equation because of the high inter-correlations between variables (r ϭ 0.91-0.96). 
Energy Cost of Growth during Infancy
During infancy, energy is required to support the substantial changes in body weight and composition. Not only does the infant increase in size, but body fat increases from about 11% in newborns to 31% at 3-6 months [21] . The energy cost of growth consists of the energy deposited in newly synthesized tissues plus the cost of synthesis which is encompassed in the DLW-derived TEE. Energy deposition can be computed from the rates of protein and fat deposition assuming energy equivalents of protein (23.6 kJ/g or 5.65 kcal/g) and fat (38.7 kJ/g or 9.25 kcal/day). Serial measurements of body composition changes during infancy are used to compute energy deposition [21, 22] . The energy cost of growth decreases substantially during the first year of life from approximately 730 kJ/day (175 kcal/day) at 0-3 months to 250 kJ/day (60 kcal/day) at 4-6 months and 85 kJ/day (20 kcal/day) for 1-12 months of age.
Physical Activity Level of Infants
As infants grow and develop, physical activity represents an increasing, yet minor, component of TEE. The physical activity level (PAL) of infants can be Butte estimated from TEE, in conjunction with a measured or estimated BMR (PAL ϭ TEE/BMR). The basal metabolism of infants has been investigated extensively and prediction equations for BMR are available. Schofield et al. [23] compiled ϳ300 measurements from historical data to develop predictive models based on weight and length. These equations have been evaluated in more recent investigations, and have been found to underestimate BMR at early ages by about 5-12% from 1 to 9 months of age [24, 25] . In infants, PAL increases from 1.2 at 3 months to 1.4 at 12 months of age [18, 26] .
Dietary Energy Recommendations for Infants
In the recent FAO/WHO/UNU [1] and IOM [2] reports, the average energy requirements of infants were based upon the TEE and growth rates of healthy, well-nourished infants (tables 1, 2). In the 2004 FAO/WHO/UNU report, energy requirements are presented for all infants combined, as well as separately for breast-fed and formula-fed infants [1] . In the FAO/WHO/UNU report, the median weight-for-age and monthly rates of weight gain of the WHO pooled breast-fed data set were used to calculate energy requirements [27] . In the 2002 IOM report, the 50th percentiles for weight gain published by Guo [28] were used to compute the energy cost of growth. Compared with the 1985 FAO/WHO/UNU report [15] , the 2004 FAO/WHO/UNU and 2002 IOM recommendations are ϳ12% lower from 0 to 3 months, 17% lower from 3 to 9 months, and 20% lower from 9 to 12 months of age (figs. 1, 2). 
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Energy Requirements of Children and Adolescents
Because of insufficient data on the activity patterns of children under 10 years of age, previous estimations of energy requirements were based upon observed energy intakes [15] . For children over 10 years of age, the factorial approach was taken. Since then, reliable information on the TEE of children and adolescents has become available to derive the energy requirements of children and adolescents.
Total Energy Expenditure of Children and Adolescents
A substantial amount of DLW data have now accumulated across a wide range of ages and body sizes, so that the energy requirements of children and adolescents can be based on DLW measurements of TEE [2] . However, the available DLW data are not representative of the wide diversity in lifestyles from around the world. The majority of measurements were obtained from the children living in the United States or Europe where TEE is influenced by modern technology and transportation systems that tend to demand low physical effort [29] . There are, however, TEE data derived from heart rate monitoring available from a broader spectrum of populations.
In the 2004 FAO/WHO/UNU report [1] , DLW and heart rate monitoring were used to predict the TEE of children and adolescents. The TEE data of Energy Requirements of Infants and Children 801 boys and 808 girls ages 1-18 years were compiled from Canada, Denmark, Italy, Sweden, Netherlands, Brazil, Chile, Columbia, Guatemala, and Mexico; specific prediction equations for TEE were developed for boys and girls [29] . In the 2002 IOM report [2], TEE was estimated from DLW measurements compiled on normal weight children with body mass indexes between the 5th to 85th percentiles. Separate TEE predictive equations were developed for normal-weight boys and girls from age, height, weight, and PAL category using nonlinear regression techniques. The PAL categories were defined as sedentary (PAL Ն 1.0 Ͻ 1.4), low active (PAL Ն 1.4 Ͻ 1.6), active (PAL Ն 1.6 Ͻ 1.9), and very active (PAL Ն 1.9 Ͻ 2.5). Specific prediction equations for TEE were developed for boys and girls.
For boys:
where PA, the physical activity coefficient, was equal to 1.00, 1.13, 1.26 or 1.42 for the sedentary, low active, active and very active categories. For girls:
where PA, the physical activity coefficient, was equal to 1.00, 1.16, 1.31 or 1.56 for the sedentary, low active, active and very active categories.
Energy Cost of Growth during Childhood and Adolescence
During adolescence, gender differences in body size and composition are accentuated [30] . Adolescence in boys is characterized by rapid acquisition of fat-free mass (FFM) and a modest increase in fat mass in early puberty, followed by a decline. Adolescence in girls is characterized by a modest increase in FFM and a continual accumulation of fat mass. Despite these maturational changes, the energy cost of growth is minor relative to maintenance and physical activity.
In the 2004 FAO/WHO/UNU report [1] , the energy cost of growth was based on mean rates of weight gain calculated from the WHO weight-for-age Butte standards [31] . The composition of weight gained was assumed to be 10% fat with energy content of 38.7 kJ/g (9.25 kcal/g), 20% protein with an energy content of 23.6 kJ/g (5.65 kcal/day) and 70% water, carbohydrate and minerals with negligible energy content. In the 2002 IOM report [2], the energy cost of growth was computed based on rates of weight gain of children enrolled in the FELS Longitudinal Study [32] and rates of protein and fat deposition for children and adolescents [33] . The energy cost of tissue deposition was approximately 85 kJ/day (20 kcal/day), increasing to 125 kJ/day (30 kcal/day) at peak growth velocity.
Physical Activity Level of Children and Adolescents
A minimum of 60 min/day of moderate-intensity physical activity is recommended for children [1, 2] , although there is no direct experimental or epidemiological evidence on the minimal or optimal frequency, duration or intensity of exercise that promotes the health and well-being of children [34] . Regular physical activity is often associated with decreased body fat in both genders and, sometimes, increased FFM, at least in males [35, 36] . Physical activity is associated with greater skeletal mineralization, bone density, and bone mass [37] .
Energy requirements must be adjusted in accordance with habitual physical activity. Torun [38] compiled 42 studies on the activity patterns of 6,400 children living in urban, rural, industrialized and developing settings from around the world. Compared with children in industrialized societies, children in developing rural areas expended more energy in domestic and productive work, and less energy in low energy activities such as attending school. The TEE of rural boys and girls was 10, 15 and 25% higher at 5-9, 10-14 and 15-19 years of age, respectively, than their urban counterparts.
As part of the compilation of TEE values described above, PAL values were estimated by using measured or predicted BMR [29] . The Schofield equations for BMR [23] were used to predict the PAL for children and adolescents, if not provided in the original publication. The average PAL (1.7) from these studies reflects a moderate level of activity. To estimate the energy requirements of children with different levels of habitual physical activity, a 15% allowance was subtracted or added to the average PAL to estimate light (PAL ϭ 1.5) and vigorous (PAL ϭ 2.0) levels of activity in the 2004 FAO/WHO/UNU report ( figs. 3, 4) . In the 2002 IOM report, energy requirements are computed for sedentary, low active, active and very active levels of physical activity.
Dietary Energy Recommendations for Children and Adolescents
A marked variability in energy requirements exists for boys and girls because of variations in growth rate and physical activity (tables 3, 4). In the [1] , the average energy requirements for a moderately active child were derived using the above TEE equations (equations 2 and 3) and the energy cost of growth for the WHO reference values for median weight [31] . Compared with the 1985 FAO/WHO/UNU recommendations [15] , the present recommendations are on average 18% lower for boys and 20% lower for girls under 7 years of age, and 12% lower for boys and 5% lower for girls 7-11 years of age. From 12 to 18 years, the requirements are 12% higher for boys and girls ( fig. 5 ).
In the 2002 IOM report [2], energy requirements for an active child were based on TEE (equations 4 and 5) plus an average energy deposition of 20-25 kcal/day. The IOM recommendations are 8% lower for children under 7 years of age, 2% lower for children 7-11 years of age, and 8% higher for children 12-18 years of age than the 1985 FAO/WHO/UNU recommendations [15] (fig. 6) .
Although the basic principles underlying the energy requirements of infants and children have not changed, recommendations for energy intake have been decreased in infancy and early childhood, and increased in adolescence based on newly available TEE data. Even though energy requirements are also presented for varying levels of physical activity, moderately active lifestyles are strongly encouraged to maintain fitness and health and to reduce the risk of developing obesity and its co-morbidities. 
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Discussion
Dr. Koletzko: One should encourage people to use such refined methodology to look further into better defining nutrient requirements where we still rely very much on estimates. I think Dr. Pencharz will probably give us another example on where this could lead to. I am also impressed by your adaptation of the estimates of energy requirements by 10-20% which have a real impact in infancy. If we consider that high energy intakes and high growth rates in this period of life might have long-term consequences on overweight and obesity at later ages. The Codex Alimentarius is presently discussing a revision of the global infant formula standard and, based on much of what you have presented, considered altering the range of energy density in formula. However, I have a concern when I see your slide showing that the energy requirement recommendations are intended to be prescriptive for populations. Here I have real difficulty in understanding because while this may be relevant for subjects who are fed on one and the same formulation, infant formula or tube feeding in sick children, I am not sure how you can prescribe energy intake to populations. So I am not sure where the real impact of that would be beyond infancy.
Dr. Butte: In many ways we implement these requirements on a population basis, on a group basis and on an individual basis in the United States. One thing that comes to mind, for instance, is how we feed children in school. They start somewhere and by law in the United States we are required to actually feed a certain percentage of the energy requirement at lunch and at breakfast. So there are ways in which these requirements get translated into policy and into programs. So in that sense I think we are contributing to the public health of individuals. Certainly I can't dictate what an individual child is going to eat under those circumstances, but at the group level we are influencing what the schools for instance will get. When you think of infant feeding programs and preschool feeding programs, there has to be an estimate where to start, and I think to the best of our knowledge we should start where we think the requirement is. Dr. Uauy has presented very nice data where policy in Chile has really influenced what happening to preschool children. Those programs were initiated many years ago to combat malnutrition; but malnutrition has now decreased in those countries and overweight is being seen, he has had to fight hard to get some of those policies changed and they are actually fitting in a very large national program in preschoolers. So in that sense I think we can effect the health of infants and children through our programming. I certainly appreciate your first comment that we can take very sophisticated techniques to better our knowledge of what the requirements really are. One of the things that was really very distressing for me is when we met with the FAO and tried to get the global data for doubly labeled water studies, and found there were no data for the developing world. That is really a pity, and it coincides with when Energy Requirements of Infants and Children we were trying to use the technique, 18 O became very scarce; so just as the study was gaining momentum our supply was cutoff. But fortunately 18 O is again available, and it is a wonderful opportunity at the Nestlé Institute to go into these transitional societies and capture the energy expenditure of children. There is a lot of discussion; has physical activity in children really changed? We don't have good historical data in Westernized populations, but here is an opportunity to study traditional societies, societies in transition, as well as developed societies, and see what the range of physical activities of children is. Here in Viet Nam the children ride bicycles; they can't get a motorcycle before 18 years of age, so they still ride bicycles. It would be fascinating to really see what the energy expenditure of these children is.
Dr. van Goudevoer: You showed us a lot of graphs and equations, and one of them attracted my attention. It showed that the energy expenditure of formula-fed infants is higher than that of breastfed infants. Is that due to malabsorption problems for formulas; is it due to other qualities of protein or energy, or is it due to differences in growth?
Dr. Butte: We don't know why the breastfed infants have lower energy expenditure than formula-fed infants. It doesn't have anything to do with the absorption. We are really talking about total energy expenditure which then impacts their requirements. We know that theoretically because they are eating less, the thermic effect of feeding would contribute proportionally less; we know that if they are growing less, the energy cost of growth will be different; we know the composition of the tissues being laid down also differs between breastfed and formula-fed infants. So all these although they seem quite minor they do add up and contribute to that difference in energy expenditure we see. We started out measuring sleeping metabolic rates in our earlier studies, and found a difference in the sleeping metabolic rate as well as total energy expenditure. So there is a component of basal as well as a component of physical activity.. We know that there are potential chemicals in breast milk that may have a different effect on energy expenditure, a depressive effect. But no one has actually proven that any of these are the source of that difference.
Dr. Pencharz: The one thing I wanted to ask you about, in you childhood data you chose, at least for the IOM, to have a body mass index between the 5th and 85th percentiles, but surely normal distribution should be between the 15th and 85th percentiles. There are recent data that actually say that the 15th percentile is a better cutoff for undernutrition than the 5th percentile. What difference would it make on your overall data, the choice of the 5th rather than 15th?
Dr. Butte: I would say very little because if we go back and eliminate all the children that were less than 5th percentile, the actual doubly labeled water that is available is very minor in that group. So that extra 10% from the 5th to the 15th percentile would make very little difference. We took the 5th percentile for a pediatric convention defining undernutrition, not on the distribution of the population.
Dr. Dewey: I want to follow up on the question about the difference between breastfed and formula-fed infants in energy expenditure. My understanding from your data is that there wasn't a difference in the physical activity component of the total energy expenditure between breastfed and formula-fed infants. So it is just the basal metabolic rate and the thermic effect of food that differ. I think that is important because it is not that they are less active. The question I have has to do with the difference between the IOM and FAO requirements for preschool children. You showed lower estimates for the FAO than for the IOM. Can you explain why that is and what the implications are?
Dr. Butte: It is really based on different databases. The FAO has a combination of those doubly labeled water studies and also the heart rate monitoring studies which were taken from around the world, and that is why it is based on different data. The actual fitting of the curves was slightly different; a different approach was taken to the Butte development of the curves. The implications will just have to stand the test of time, and in that one period from about 5 to 10 years of age there is a difference.
Dr. Rigo: I am concerned about the energy intake evaluation, especially for the newborn infant during the first week of life and also for the preterm infant. In fact energy intake is evaluated according to the feeding volume and the energy content, but the energy content is calculated by the metabolizable energy content using the up-water factor, and is the up-water factor adapted for the newborn infant? In fact when we analyze metabolic balance studies we see that the energy available differs and probably improves according to postnatal age, and there is some difference between breastfed and formula-fed infants. So what is your opinion about that?
Dr. Butte: We don't have as much information as we would like on the term infant. The committees have met and looked for more data, but they simply don't exist for the term breastfed infant. There are a lot of data on formula-balanced studies and there are now many studies in the preterm infant, but there is just very little on the term breastfed infant to address that question. We can avoid that whole debate now because total energy expenditure is measured directly and then metabolizable energy. So in the older studies you start with the gross energy intake doing bonb calorimetry on the milk source and you have to assume or measure metabolizable energy. But that is not an issue in these requirements or in these recommendations. But I agree there are differences in the availability of energy from human milk vs. the formula sources.
Dr. Cong Khanh Nguyen: Your presentation on the new FAO/WHO/UNU recommendation for energy expenditure is very interesting, and I am concerned about the implication of this new recommendation compared to the 1985 recommendation for energy expenditure, especially for children. Interestingly for children under 10 years it is lower than the previous recommendation, but from 10 years onwards it is higher than the previous recommendation. In Viet Nam we are in a period of developing recommendations for dietary allowance, and we are also looking at physical growth activity programs. So this has very important implications for us. There are three graphs, one from FAO/WHO/UNU in 1985, the second one in 2002 and the third one from the IOM. Is the thermic effect of food, the 10% of energy expenditure, the same? For example the pattern of food consumption, food intake, may have different energy expenditures. Is 10% something standard for different food patterns? Perhaps we need to do the same kind of study in Viet Nam because the doubly labeled water method is quite standard. Do you think that Viet Nam should do this kind of study because of different patterns of food intake? We need to do more and look at the physical activity levels in different populations.
Dr. Butte: I think the most important thing is to measure the total energy expenditure and the physical activity component in your population of children. The thermic effect of feeding is going to be around 10% and there will be some variation depending on the composition of the diet, and possibly an effect on the pattern of intake as well. More importantly we know that the carbohydrate, protein and fat will affect the thermic effect of feeding, but not greatly. Where there is going to be the most variability is in knowing what the basal metabolic rate is and the physical activity of the children. So I encourage you to focus on getting a handle on the total energy expenditure of your children so that you don't under-or over-feed them.
Dr. Haschke: I have a practical question. Infant formulas and in particular followup formulas are now produced and used assuming that an energy intake of 100 kcal/kg body weight/day is adequate. According to what you have just shown, after 4 months of age the energy requirement is consistently around 80 kcal/kg/day. So if there is a practical consequence, these new requirements should be translated into adequate recommendations for formula-fed infants, resulting in a change in the packaging labels and feeding recommendations. So what is your recommendation? Should manufacturers now produce formulas with lower energy density for infants after 4 months of age, Energy Requirements of Infants and Children and also probably with a lower protein concentration? What would be the practical consequences? The breastfed infant can self-select what it wants to consume, whereas the formula-fed infant relies on premixed formulas. What would be the consequences?
Dr. Butte: Up to now the formula companies have tried to simulate the energy content of human milk and it is fairly close on average. Of course there are variations within a feed or between feeds, but the formula is set close to the energy content of the human milk. There are several trials going on where companies are altering the protein and energy ratio in formulas and to see what impact that has on weight gain. What we know from Fomon and Nelson [1] is that probably in that early phase of infancy the children who receive a feeding at a lower energy density level just consume more. Also the studies show that, after a certain point, regulation is not as tight. We simply don't know what the impact on weight gain will be at various stages of infancy if the protein-energy ratio in the formula is changed. As I said there are trials going on and we will have the answer to that. Also as far as the recommendation on the label: yes, they should be changed to reflect more what we think the requirements of infants are. In the studies where we have carefully measured the formula intake of formula-fed infants, it is less than 100-120 kcal/kg/day. So I feel very comfortable in changing what is on the labels, on how we suggest mothers feed their infants.
Dr. Haschke: It seems that we have also overestimated the energy density of breast milk. It is 58-60 rather than 67 kcal/l as shown by more recent publications. This would also have an impact on the energy density of follow-up formulas.
Dr. Butte: I think it depends on what studies you look at. We measured the 24-hour volumes of human milk for years and our bonb calorimetry gave us averages of about 0.67-0.68. Depending on the fraction you want to take for metabolizable energy, you do get down to 62-64 kcal. I don't think it has changed; if we look at the studies that were done very carefully to get 24-hour expressions of human milk, we have seen lower energy content all along. It is very difficult to get a representative sample of human milk, and so when it is taken without paying attention to the time of day or what part of the feed, the answers can be different.
Dr. Sauve: You made your assumption on active children for the IOM and then moderate activity for the FAO and WHO. We know in North America in fact that very few children even do minor activity. I am worried that when people look at these numbers they think that these are the requirements for all children. In fact you use them for healthy active children, whereas very few children in North America are active.
Dr. Butte: The requirements have the flexibility of determining the physical activity levels of your group. For instance, if you know that your children don't get their 60 min/day and you are feeding them for some program, then you could potentially use the lower activity level. If you plug into the pyramid used in the USA you actually set what the physical activity of that individual child is or the group of children you are concerned with. I think the strong recommendation for physical activity of at least 60 min is what we would like to promote. But slowly we are seeing policy changing, and more physical education and recesses are being re-instituted in schools. Both committees have recognized that there are differences and they can be customized to your needs.
Dr. Dewey: I would like to come back to the issue of compensation for the energy density of the feeding. The earlier studies that Dr. Fomon and colleagues did were wonderful and really helped us to understand that issue. But I think it is important to remember that, if I recall correctly, the babies were fed by nurses and they were fed in a responsive way, in other words it was after the baby signaled fullness that they would stop in those trials. What I think we don't know is the degree to which babies are reasonably good at compensating when fed by parents.
Dr. Ziegler: You are referring to our studies with formulas with decreased caloric density. These were all free-living infants at home, all feeding was done by the parents.
Butte
Dr. Dewey: Were they given instructions then? Dr. Ziegler: No, they were not even told that there was a different caloric density. We just gave them the formula and told them to feed it to the babies.
Dr. Dewey: Alright, but I do want to point out that perhaps we do need more studies on how parents of different socioeconomic levels feed formulas and the degree to which babies do or do not compensate for different energy levels.
Dr. Butte: Equally important in this whole area of early infancy is that there has been a lot of emphasis on the first 6 months of life, but from 6 to 24 months we really don't have the data. Complementary feeding is critical in that area as well.
Dr. Ziegler: I have a question on the hypothetic assumption that it is possible to feed formula-fed babies the caloric intakes that the new recommendations show which are largely based on energy expenditures of breastfed babies.
Dr. Butte: In the IOM we included both, breastfed and formula-fed infants. Dr. Ziegler: On the assumption that it is possible to make formula-fed babies have energy intakes matching the recommendations, what do you think would happen?
Dr. Butte: There are two things going on here. We talked a lot about total weight gain but we often have to think about the composition of that weight gain. If the protein:energy (PE) ratio is not changed, you still might see a higher accretion of fat-free mass in the formula-fed infants, as we found in our studies at Houston. If both the total energy consumed and the PE ratio are changed to simulate human milk, you might find a difference both in the weight gain and the composition of the tissue being deposited. I know it has been quite controversial, but our studies showed that we had higher rates of fat deposition in our breastfed infants during the period of exclusive breastfeeding. The differences decrease as we approach 12 and 24 months, but in the early period of exclusively breastfeeding we clearly saw higher rates of fat deposition, and that was by diverse techniques. Both components, the total amount of energy delivered as well as the PE ratio, must be addressed. Here we are focusing on protein and energy, but we often notice differences in the other nutrients in human milk vs. formula. In the formula we have much higher levels of the other minerals, and all this may be contributing to the differences we see in growth between the breastfed and formula-fed infants.
